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PRECEDE II: SUMMARIZED RESULTS OF AN
ARTIFI CIAL AUR ORAL EXPERIMEN T

1. PRECEDE II: Summarized Results
R.R. O Neil

Radiation Effects Branch
Optical Physics Division

Air Force Geophysics Laboratory
Hanscom AFB, Massachusetts 01731

E. McKenna
Rocket Probe Branch

Aerospace Instrumentation Division
Air Force Geophysics Laboratory

Hanscom AFB. Massschusetts 01731

D. Burt
Space Science Laboratory

Utah Stat. Univsesity
Lo~ n, Utah 84322

I. INTRODUCTION

On 13 December 1977 , PRECEDE II was launched from the White Sands Missile
Range. New Mexico at 05:49:59. 116 UT. PRECEDE i ll s  one of a series of artificial
auroral experiments in the DNA -AFGL EXCEDE program using pulsed high power
rocketborne electron accelerators operating in the 80- to 140-km alt itude range. This
launch was designed to serve as an engineering test of an electron accelerator
module providing a pulsed 3 -kV, 7-A electron beam , to provide an engineering test
for a newly designed Liquid nitrogen cooled rocketborne infrared Michelson

(Received for publication 15 March 1978)

7

- -

_________________________ ______ — - - T TT ~~~~~~~~~~ ~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r,
~
-__ - -

~
__

___

_
~

_ __
~

thterferorneter, and to observe the ultraviolet and visible emissions induced in the
• night sky by the rocketborne electron source with a number of ground based Imaging,

spectrographic, and photometric instruments. This report briefly describes the
scope of the PRECEDE 11 experiment and summarizes the performance of the van-
ous instruments.

The projected trajectory of the Nike Aerobee 170 rocket and the location of the
three optical ground stations, Hotel, SE 70, and Stallion, is shown in Figure 1-1.
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Figure 1-1. PRECEDE 11 Experiment:
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The preflight estimate and actual altitudes of the various experiment functions are
reviewed in Table 1-1. The principal rocket and ground based instrumentation utilized
in the PRECEDE II experiment is summarized in Table 1-2. The payload was despun
to a roll rate of approximately 0. 16 revolutions per second. At approximately 264
sec after launch, the forward payload section was separated from the electron ac-
celerator and the rocket and the forward section successfully recovered. The
forward payload section consisted of the liquid nitrogen (LN2 ) cooled interfe rometer,
the telemetry section, and the parachute recovery system.

Table 1-1. PRECEDE Timer Functions

Altitude
Time Preflight

Function (see) Estimate Actual

Sustainer Burnout 49 . 5 34 32
Command Closure of

Engine Valves 54 40 37
Interferometer Calibration

Lainp On 55. 1 41 38
Despin Vehicle 69 56 52
Start Interferometer

Mirror Scan 71 .1 58 54
Interferometer Cap
Removed 90.3 76 71

E3ect Clamshell Nose Tip 92.7 79 73
Removed Accelerator Door 105.7 88 82
Energize Accelerator

Filaments and High
Voltage 108. 1 90 83

Apogee 179. 6 114 102
( 172 see)

Separate Interferometer
from Accelerator 264 80 62

Stop Interferometer
Mirror Scan* 15 15

Deploy Interferometer
Recovery Parachute** 5 5

*This function is initiated by a pressure sensitive switch at
50, 000 ft on payload descent.

**ThiB function is initiated by a pressure sensitive switch at
15, 000 ft on payload descent.

9I



Table 1-2. PRECEDE U instrumentation

Rocketborne Instrumentation
Non Recovered Payload Section, 38-cm diameter
21-kW (3-ky , 7-A) pulsed electron accelerator ,

lengt h 91 cm, weight 160 kilograms
Recovered Nosetip Payload Section, 30-cm diameter
LN 2 interferometer, length 61 cm , weight 40 kilograms

— Telemetry

Re covery System

Ground Based Instrumentation

Site Instrument s Tracking Mode

Hotel Film and video cameras Radar controlled
automatic mount

SE 70 Dual channel , 3914 and Radar controlled
5577A telephotometer automatic mount

UV and visible image
intensified spectrograp hs

Film camera

Stallion GEODSS satellite tracking Manual
telescope and video
recording system

2. ROCKETBORNE ELECTRON ACCELERATOR

The electron accelerator , constructed by D. Burt and F. Riebeek of Utah State
University, was a variation on the design successfully used on t he PRE CE DE I and
EXCEDE :SWIR art ificial auroral experim ents . The accelerator, 38-cm in diameter .
91-cm long and weighing 160 kilogram s. was designed to provide a nominal 20 kW
beam of 3 kV electrons. A pulse period of 6 sec . composed of a 4. 3 sec beam on
and a 1. 7 sec beam off component , was intended to be repeated for the duration of
the experiment , anticipated to be on the order of 3 mm assuming nominal rocket
performance. The PRECEDE II launch was designed, in part , as an engineering
test of a prototype electron accelerator module to be used on the subsequent

— EXCEDE II experiment. The accelerator used two tungsten f i laments  directly
heated to approximately 28009< ; electron acceleration was provided by nickel cad-
mium batteries which constituted the principal accelerator weight . The accelerator
design included a latchout relay circuit which shut off the accelerator high voltage
for periods of up to several Sec in the event the current drain from the high voltage
battery pack exceeded 10 amperes . The latch out relay was intended to avoid

; 10 
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catastrophic failure by limi ting the energy dissipated if the accelerator operated
briefly in a short ci rcuit mode . Previous experience in both a rocket test and
laboratory vacuum chamber studies with electron accelerators of similar cathode
anode configuration indicated high voltage breakdown and sho rt circuit arcing
occurred if the gas pressure of an air-like mixture within the accelerator assembly
was in excess of several znilli-Torr. The accelerator cathode anode assembly was
vacuum sealed , evacuated , and heated prior to assembly on the rocket vehicle to
m inimize excess accelerator gas density due to outgassing when the tungsten
filaments were initiall y heated.

The accelerator door was opened, filaments heated and high voltage applied
(Table 1-1) by 108 sec after launch. Altitude at this time was approximately 83 km,
somewhat te~ s ~han the preflight es t imate of 90 km . The accel erator operated in an
arcing mode, high voltage breakdown within the accelerator structure , for appr oxi-
mately 30 sec until t he payload achieved an altitu de of 97 km at 138 sec after lif t off
(Fi gure 1-2) . During thearcing mode . the latch out protection circuit limited the
maxim um energy dissipat ion and preve nt ed cat ast rophic failure due to fusing of any
accelerator components. At approximately 138 Sec after launch , the accelerator
produced a 4. 3 sec pulse of 3 kV electrons depositing 20 kW into the night atmos-
phere . As indicated in subsequent sections of this report , the electron induced ultra-
violet and visible emissions were readil y reco rded by the ground based optical
instruments. As show n in Figures 1-3, 1-4 , and 1-5 . the accelerator power output
showed slight loading characteristics during a given pulse and the power output

decreased from aporoximately 20 kW at 138 sec after launch (97 km on pay load
ascent) to approximately 13 kW at 212 sec (95 km on payload descent). At lower

descent altitudes, the -~ccelerator continued operation, pulsing sporadically and
provid ing an electron beam of several kilowatts to a descent altitude of approximate-

ly 64 km (see Figure 1-6).

The accelerator performance reviewed in F igures 1-2 through 1- 6 is based on the

rocketbased monitors of accelerator voltage and current telernetered with other
rocketbased measurements. A t 264 sec after launch the accelerator and Aerobee
170 rocket were separated from the pay load sec tion containing the interferorneter ,
telemetry. and recovery system. Al t hough the rocketbased monitors of accelera-
tor performance were no longer telemetered , the ground based telephotometer
indicated the electron accelerator operated in an arcing mode at descent altitudes

less than 64 km. The electron accelerator functioned well , without arcing, from
97 km on payload ascent through apogee (102 kin) until 81 km on payload descent,
a per iod of approxim ately 100 seconds. The accelerator operated somewhat
spo radically for an additional 43 sec depositing a final pulse of 3 kV electrons

into the atmosp here at 64 km on pay load descent, Intermittent arcing at the lower
• altitudes during pay load ascent and descent is consistent with s imilar  effects

observed in laboratory vacuum chamber studies at higher gas densit ies .
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During flight the gas density within the accelerator cavity is controlled by the corn -
bined effects of ambient atmospheric density, the density enhancement or reduction
due to the so-called “ram ” or “wake” effect as determined by the cavity orientation
with respect to the payload velocity vector and finally any significant accelerator
assembly outgassing effects.

Continued production of an electron beam at the low descent altitudes suggests
that the arcing observed between 83 and 97 km on payload ascent was caused in part
by outgassing of the accelerator structure after initially heating the fil am ent assembly.
Presumably this effect was minimized but not eliminated by the addition of the
vacuum sealed accelerator door and vacuum pumping of the accelerator during the
payload build up prior to launch.

The low altitude range of this flig ht imposed a severe test on the prototype
electron accelerator design. The engineering design of the accelerator module to
be utilized on the EXCEDE II experiment was successfully tested by the flig ht of

PRECEDE II. The GEODSS video system tracked the accelerator tungsten filament s
until payload impact.

3. ROCKETBORNE LN2 COOLED INTERFEROMETER

Result s of the engineering test of this instrument are described in Chapter 2
of this report .

4. GROUND BASED MEASUREMENTS: HOTEL SITE

The camera systems located at this site were deployed by TIC , Inc. , and are
described in Chapter 3 of this report.

5. GROUND BASED MEASUREMENTS: SE 70 SITE

A Photo Sonics cine sextant mobile tracking mount at the SE 70 optical site (see
Figure 1-1) supported four optical systems as summarized in Table 1-3. This site
was selected so that the electron beam as constrained along the geomagnetic field
would be viewed from an end on aspect , that is , along the magnetic fiel d , when the
pay load was at apogee assuming a nominal pay load trajectory. The electron in-
duced atmospheric emissions as viewed from this location present a minimal
source size and thu s a maximum exposure in the film recording camera and image

-: intensified spectrographs at this site. In addition the small source size reduced
the field of view required for the dual channel telephotometer and thus maximizes

4
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the contrast ratio between the electron acce lerator induced emissions and night
sky radiations.

Table 1-3. SE 70 Site Ground Based Instrumentation

Instrument Description Purpose

AFGL Telephotorneter Dual channel photon counting Remote diagnostic of
telephotometer measures accelerator power
N~ 1N(0-0) 3914A and output and recoras
O~1S) 557? A emissions, emissions of

aeronomic
interest,

HSS, Inc. UV Cygnus Image intensified spectro- Documents altitude
graph records emissions dependent radiant
in 3200 to 6000A wave- intensities (N 2length range with 6A Vegard Kaplan . N2resolution, second positive,

N2~ first negative,

HSS, Inc. Super Cygnus Image intensified spectro- Documents altitude
graph records emissions dependent radiant
in the 4200 to 7500A intensities (N 2~wavelength range with first negative ,
1A resolution. O2~ first negative ,

O( 1S), N 2 first
positive . N2~Meinel 

WSMR Camera 35 mm Cine camera , 264 cm High spat ial resolut ion
focal lengt h f f 8  lens , system documents
operated at 6 frames per accelerator per-
second. formance , tracking

mount performance
and assists inter-
pretation of spectro-
graph data.

The dual channel telephotometer located at the SE 70 site recorded the accelera-
tor induced N lN(0-0) band at 39 14A as a remote diagnostic of accelerator per-
formance and the O( 1S) 5577A emission because of its aeronomic interest. Selected
samples of the telephotometer data are presented in Figures 1-7 and 1-8. Note that the

- • arcing mode of accelerator operation was documented by the ground based tele-
photometer indicating that , in this mode , some fraction of the energy drawn from
the high voltage battery pack is deposited in the atmosphere, The N~ IN(0-0) emis-
sion at 3914A monitors the total electron power deposited in the atmosphere as
demonstrated in the initial PRECEDE launch (O’Ne ll et al , PRECEDE : Summarized
Resu lts, Jc~~, 1978).

-4
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The photometer measurements precisely monitor the absolute radiant intensity
of the 3914A and O( 1S) 5577 A emissions. These measurements will eventually
be correlated wit h the image Intensified spectrographic measurements to deter-
mine altitude dependent emission profiles for a number of emissions in the 60 to
100 km altitude range. In particular , insig ht into the production and quenching
coefficient s for the N2 first positive and N~ Meinel bands are anticipated from the
spectrographic measurements. The complicated altitude dependent production and
loss mechanisms determined for the O( 1S) 5577A emission in the initial PRECEDE
launch will be tested against the newly acquired PRECEDE II data. The tele-
photometer and spectrographs recorded accelerator induced emissions as low as
63 km in the present experiment, providing data at higher collision frequencies to
test collisional deactiv ation rate coefficients inferred from the initial PRECEDE
experiment.

A preliminary assessment of the results of the spectrographic measurements
is given in Chapter 4 of this report.

6. GROUND BASED MEASUREMENTS: STALLION SITE

The satellite optical tracking station at the Stallion site (see Figure 1-1). developed
and directed by the Electronics System Division of the Air Force Systems Command
with contractor support from the Lincoln Laboratory of MIT, graciously agreed to
attempt to manually track and record the accelerator induced optical emissions with
their 14-in, and 3 1-in, diameter satellite tracking telescope systems. The common
telescope mount was directed to the angu[ar orientation where the initial accelerator
pulse was anticipated assuming a nominal trajectory. The GEODSS facility readily
observed the accelerator induced emissions in the wide ang le (7 -deg ) 14-inch system ,
subsequent ly acq uired the source in the narrow field (1 . 2-deg ) 31-in , syst em and
manually tracked the source (atmospheric emissions and/or  hot filam ents) until the
minimal  amount elevation limit  ( 18 deg) was reached . Selected frames from the video
recordings are shown in Figures 1-9 , 1-10 , and 1- i l .  Figure 1-9 occurred at a
ti me shortly after electron accelerator pulse turn  on and consists of prompt emis-
sion along the magnetic field with a small afterg low radia tion , O( 1S) 5577A emis-
sion , beginning to develop. Figure 1-10 shows a video image later in a 4.3 sec
puls e and shows the spatial extent of a well developed 0( 1S) af terglow emission.
Fig ure 1- 11 illustrates the images of both newly ini tiated pulse and the long lived
decay of the previous pulse terminated at least 1. 7 earlier. As viewed from the
Stallion Site the projected geomagnet ic field at the payload location has an apparent
elevation ang le of approximately 45 degrees. The GEODSS data illustrates that the time
dependent emission profile of relative slow optical emissions may be determined by
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measuring the spatial extent of the afterglow radiation of these features. The
GEODSS data will be further analyzed in terms of electron range along the magnetic
field, Image size, and afterglow emission profiles when the payload pitch angle
orientation is determined,

Figure 1-9. Image Recorded Short ly Af ter Accelerator Pulse
Init iat ion Showi ng a Very Slig ht Af t erglow Emission
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2. Rocketborne IN2 SWIR Interferometer
J.C. Kemp and R.J. Huppi

Stewart Radiance Laboratory
Bedford , Massachusetts 01730

1. INSTRUMENTATION DESCRIPTION

The Michelson interferometer is dependent upon a moving mirror to change the
relat ive optical pathlengt h of the two interfering beams of light. The mirrors must
be care fully alig ned to maintain proper coincidence of the two beams . Therefo re.
strict requirements are placed upon the translation accuracy of the moving mirror;
the mirror direction must be maintained constant to wi~thin about 1 sec of arc
throughout the usefu l scan range.

A system to allow mi rr or tra nslat ion movement without angular mov eme nt has
been designed using Bendix free-flex flexural pivots. A pictorial schematic showing
the main element s of the interferometer assembly is shown in Figure 2-1. The mirror
translation is driven by a torque motor. A linear variable differential transforme.
provides position feedback and a tachometer similar to the torque motor provides
velocity feedback to the mirror translation servo. The second mirror of the
Michelson system remains fixed in position. This stationary mirror is mounted
to an assembly of three piezoelectric stacks , which provide fine adjustments of mirro r
orIentation to optically align the interferometer. The beamsplitter and compensator
are made of calcium fluoride.
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Figure 2-1 . Schematic of Interferometer Assembly

A reference interferometer assembly is used to provide i nfo rmat ion about the

cen ter of the interferogram and also to provide main channel sampling data. The
same mir rors  and beam sp lit ter are used for the reference and the main channels

by using some of the peripheral  area of the elements of the main channel and feeding
these si gnals in reverse direction throug h the in t erferometer as sembl y. Th e refer-
ence sources are located near the main channel detector and the reference detectors
a re located near the mai n channel entrance aperture. An incandescent bulb is the
source of the whitel ight  channel , which defines the center position indication (zero
path difference for the fixed and movable mirrors) .  The sam pli ng refe ren ce is 

4

provided 1w the monochromatic reference channel using a neon glow lamp as a
source. A narrow band optical filter is required to isolate a sing le emission line

of the neon spectra.
Indium antonionide at liquid nitroge n temperature (77 ‘K) is used for the main

channel detector. A D* im provem ent of about 2 orders of magnitude is achieved
1w also cooling the back ground to which the detector is exposed. Thus a 2 order
of mag nitude improvement in NESR is achieved by cooling the entire interferometer
to liquid nitrogen temperature . This is very signif ican t because the measurement
t ime is red uced by IO~ if the same signal to noise is maintained. The instrument
is cooled by building it into a cryogenic Dewar which is a vessel with a reservoir for
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the cryogen (liquid nitrogen) and a region for the instrument to be cooled , all located
inside of a vacuum shield to act as a thermal barrier. Once the Dewar is lofted to
the required altitude by the rocket carrier , the Dewar is opened to expose the optics
to the radiation to be measured.

A special preamp is required by the high sensitivity of the lnSb detector unde r
cold background conditions. A dual source follower FET attached directl y to the
detector mount drives the pream p output stage located in the warm aft section of the
Dewa r. This stage drives a balanced line feeding a differential input instrumentation
amplifier located in an external electronics box. All of the circuitry required for
the main channel signal conditioning, reference i nterferometer signal conditioning,
temperature monitors , and the mirror drive servo is located in the external elec-
tr onics box. A separate battery box supplies isolated power t o t he various elect ronic
ci rcuits to help maintain a very low noise system .

The very hig h sensitivity of the system also means that the back ground radiation
from the warm earth exceeds the minimum detectable signal. Therefore a cold
sunshade baffle  is req uired wit hin the Dewar t o provide high spatial rejec t ion fo r
off-axi s sources. This baffle will provide more than 8 orders of magnitude re-
duction in the signal level from sources located more than 50’ away from the system
axis. The design specifications for the rocketborne LN 2 interferometer are sum-
ma rized in Table 2-1.

Table 2- 1. Design Specificat ions for the LN 2 Cooled
Michelson Interferometer

Spectral Range 2 .0 - 5. 6 g~t
Resolution 2 cm~~ (apod ized)
Field— of-View 2 .29 ° ; 1.26  X io .2 sr

2Collection Optics Area 17 .8 cm
Sca n Time (variable) 2. 0 sec total

0. 2 sec retrace

1. 8 scan period
NESR* ~ x 10

_ i l  w f c m ”2 sr ’’ cm
Si ze 10. 5 in. diam X 29.3 in. long

(+ electronics)

Weight 54 lbs (+ electronics)

~‘Noise Equivalent Spectral Radiance at 2 ~i
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2. EXPER IMENTA L APPROACH

PRECEDE II provided an engineering test of a newl y developed rocketborne

LN 2 interferometer in an operating envi ronment simulating the follow on EXCEDE

II experiment . As proposed , PR ECEDE II was designed to test t he engineer ing

design of t he LN 2 interferometer operating onboard a pay load also cont aining a

prototype 20-kW pulsed electron accelerator. These two newly developed rocket -

borne instruments , the interferometer using cold optics and the high power accelera-

tor module , are the i nnovative systems developed for the EXCEDE II experiment.

PRECEDE It was intended to test each instrument independentl y in a realistic rocket

envi ronment as well as the compat ibility of the instruments sharing a common pay-

load structure. No attempt was m ade to co-ali gn the electron beam and the inter-

ferometer viewing axis . Preflight estimates indicated the interferometer would

probably not record the electron beam induced infrared emissions given the pay load

confi guration for this engineering test flight .

3. LN 2 INTER FER OMETER SUMMARIZED RESULT S

The engi neering test demonstrated that the cooled Sliche l son interferometer

design is well suited for taking dat~i in a rocket environment . A l l  of the system

compone nts functioned well for the entire fl i ght . The cryogenic sys tem , the bat-

t eries , the detector and drive electronics , the tempera ture  monitors , and the

battery status indicators performed according to design. An infli ght calibra tion
source provided a usefu l indication of the interferomneter internal  optical ali gnment.

The pie zo electric mirror  adju s tment  system proved to he an effective method of

pe r forming  final  optical a l i gnment  of the in ter feronie ter , eve n at cryogenic tempera-

tures.
It was demonstrated that proper in ter ferometer  in ternal  optical alignment can

be achieved af ter the interferometer  has been mounted to the pay load , tha t the pay-

load ca n be mated to the motors , and that the entire assembl y can be t ransported

to the launch area and erected in the  tower without any major ali gnmen t problems.

It was also determined that because of the shocks received during these processes

it is ne( ’essa ry to perform final internal  ali gnment af ter the pay load is erected in

the tower.

The interferometer ’s in ternal  optical al ignment deteriorated somewhat during

t he la unch cycle . The modulation eff ic iency just prior to launch was about 44 per-

ce nt; a f te r  launch the ali gnm ent had changed suff ic ient l y to reduce the modulation

ef f i c i en cy to about 7 percent.  Al t houg h 7 percent is less then desirable, good data

would still be achi eved during the EXCEDE 78 launch if the signal emission levels
are as large as predicted.
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Some resul ts from the  engineering test a re  shown in F i g u r e s  2-2 through 2-5 .
Because of the non-opt imum monochro matic  reference the interferometer resolu-
tion is de graded below the designed 2 cm l , Also , for this flight , the interferom-
eter was  operating in a double sided interferogram mode rather than  the single
sided mode which will be used in the ac tua l  data flight.

Figure  2-2 shows the strip chart  of the l-~~1/ l \ 1  t r a n s m i t t e d  in te r ferogram
recorded 288 sec into the flig ht. This lat o  in the  flig ht the pay load was coning badl y.
The bottom t race  of this  f igure is a recording of the monochromat ic  re ference

channel;  the decreased width  indicated the re t race  po rtion of the scan. F igure  2-3

shows the spectrum t r ans fo rmed  at  USIJ from th i s  i n t e r f e r o g ram .  The spectral

fe a t u r e s  probabl y result  f rom a tmosp her ic  t h e r m a l  emiss ions .

F igure  2 -4a  s h o ws  the spec t rum 0 1 5 t I i n ( - 1 f rom the  in te rna l  calibration source

before launch and F igure  2-4h shows the s p e c t r u m  from the  same source 72 sec

af t e r  launch.  l’he loss in internal  a l ignment  is v e i v  apparent  at the  shor ter  wave-

lengths  but the longer wave leng ths  show no a p p re c i a h l e  change.  These spectra

allow us to infer  that the misalignment was on the  order  of 4 a rc  sec or less.

F igure  2-5  shows a spectrum t r~ i sformed  f r o m  Io ta  taken 187 sec into launch

which  corresponds to a t ime  when the gun was  f i r i n g .  The emissions apparent  in

the  spectrum are  p r i m a r i ly due  to ambient  a tmosp h er i c  t h e r m a l  radiation.

4. FlIt RI EFFORT

The major e ffo rt in preparation for the L X( E l) E  78 launch wil l  be the develop-

ment of an improved monochromatic reference .  The reference electr ical  c i rcui ts

need to be improved somewhat but the most important  need is for a much s t ronger
source of monochromat ic  radiat ion.  It wi l l  probably be necessary to use a I l e N e

laser mounted outside the l) ewar for th is  source and to use an optical f iber  to trans-

mit the optical energy into the Dewar to the reference interferometer .  The pre-

vious reference system used a neon li ght with  a n a r r o w  band optical f i l te r  as the

source of monochromatic radia tion.
Two other areas of focus are to improve the rigidity of the internal alignment

to el iminate the degradat ion in modulation eff ic iency which occurred  dur ing  the

launch. More extensive shock and vibration tests will be conducted in an attempt
to verif y that the stability has been improved.

Operational techniques also need to be refined to expedite final alignment ad-

justment at the launch pad. Also the clean pay load cond itions required by the addi-
t ional helium cooled spectrometer on the EXCEDE 78 pay load necessitate a modifica-
tion in the Dewar to prevent  possible escape of any trapped dust particles. Other

minor electronic ci rcui t  improvements will be made.
-\ complete calibration and pe rformance verification will be performed.
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3. Hotel Site Ground Based Optical Measurements
W. Boqui at and R.W. Osu el

Technology Intern ation al Corpo ration
Bedf o rd , Meesachu setta 01730

I . INTRODUCTION

This quick-look chapter summarizes the operational results of photographi c
measurements made by Technology International Corporation in participation wit h
the Optical Physics Group of AFGL during the Project PRECEDE U exercise con-
ducted at White Sands Missile Range , New M exico. on 12 December 1977. The
purpose of TIC’ s participation was to provide high resolution photographic coverage
of the optical effects of the PRECEDE II electron gun experiment at altitudes of
between 90 and 120 km. More specifically, acquisition of temporal spatial and
radiometric data of the visible field aligned beam and slower decaying induced after-
glow was desired in order to correlate the overall performance of the rocket borne
experiment and provide data for the study of upper atmospheric excitation charac-
teristics. This approach was predicated on the successful coverage provided by
TIC on the previous PRECEDE experiment , also conducted at WSMR by AFGL, in
the fall of 1974.

TIC’ s participation was limited to the operation of existing optical instrumenta-
tion which could be fielded on the basis of operational costs alone. On this basis,
TIC fielded a group of selected large aperture cameras and a low light level video
system that were mounted on a radar guided tracking mount provided by the WSMR
range complex.
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The TIC instrumentation was located geographically such that it would view
the field aligned visible beam from a perspective perpendicular to the geomagnetic
field lines. This site would thua be able to acquire data which could be cornple-
mentary to that obtained at the other AFGL site which was viewing the beam
essentially along the field lines.

2. OPERATIONAL PROCEDURE

The AFGL PRECEDE II electron gun instrument package consisted of an elec-
tron beam accelerator which was planned to be activated above about 90 km con-
tinuing through apogee of about 120 km . and down to the vicinity of about 80 km irs
an on-off pulse cycle of approximately 4 sec (on) and 2 sec (off). Depending upon
rocket de-spin results, the beam would either be directed in one (only) or two (both)
directions along the magnetic field lines in proximity to the vehicle during the on
portion of the duty cycle. The collisional excitation of the ambient upper atmos-
phere by the electron beam is the subject of optical interest and the spatial and
radiometric recording of the directional beam above 90 km together with the chemi-
lu minescent wake was the objective of the TIC optical instrumentation coverage.

The TIC optical instrumentation was located at the Hotel site on the south-
eastern edge of the White Sands Missile Range so as to be looking essentially due
west whe n the PRECEDE II payload was at apogee (see Figure 3-1) . The Air-Land
Divi sion of l)ynaelectron Corporation provided technical support to the Hotel optics
site by w ay of a radar controlled tracking mount for the primary optical instrumenta-
tion. Thi s mount was a Photo-Sonics Cine-Sext ant Mobile Tracking Moun t operated
bs a crew of two,

Both tracking and fixed camera systems were operated by TIC in support of the
:\ F’GL PRECEDE II experiment . The pr imary  camera system consisted of a large
aperture 300-mm focal length lens and film transport. Operated simultaneously

with this camera was a second 300-mm system of smaller aperture which incorpor-
ated a clock for determining exposure time and duration. In addition , a wide field-
of-view time lapse camera system was operated independentl y to record the flight
and provide a projection print, if required , for subseque nt analysis. All three of
these camera systems were co-located on the mobile tracking mount , together with
a low light level TV system to aid the camera control operator in transporting the
film of the shutterless cameras  during the off portion of the electron gun duty cycle.

As a limited back-up to the pr imary  tracking instrumentation , 2 fi x ed , balli stic
mode cameras were operated at the Hotel site by TIC. This concept , although pre-
viously untried in these experiments so fa r  as is known , was implemented to provide
an optical record of payload brightness and pulse duration as a function of altitude
on a single film frame. Table 3-1 summarizes  the TiC optical instrument plan for
PRECEDE II, showing for each system the collector characteristics, film type,
exposure program, a nd recorded field-of-view.
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The Hotel optical site was supported by the DNA photo-optical van operated by
l1C. The van contains a darkroom for loading film and processing test focus runs ,
an analysis roo m for reviewing processed film , and an operation section which
houses the camera control electronics , reco rders , t imers , and power supplies.

A live test of all pr imary and secondary camera systems was made on
10 December 1977 on a non-related rocket experiment which attained a comparable
apogee ar.d loca tion af ter  d~irk .  All camera sys tems operated prope r ly during this
test,  but in processing the data  it ~ as observed that the mobile tracking mount was

u nable to t r ack  smooth ! w hen in the extreme elevated posi tion. •\s a consequence
of th is  dct e r u i i n a t i o r i , the h otel site mount was changed prior to the PRE CEI ) E II
launch.  ~~~t)  testing of this mount w a s  possible , ho w ever , before the PRECEDE U
launch.

3. RESt 1 . 15

3.1 ~ eatli er

The w ea t h e r  it  ~ er it  t i m e  ( 1 0 : 5 2  Local l i m e )  can be described as gener ~ l lv

c lear  at low a l t i tudes  w i t h  r i i l i l v  r i o t i ce ble a tmosp heric motion apparent  ove rhea t

as seen from t h e  Hotel  optics  s i t e .

3.2 I~~ent Data

rh e-  P R E C E I ) E  11 c~ ent wa s  launched at 05 49 ~~~~~ I UT from the launch comp lex
LC-36 on 13 December  1977 .  -\n apogee of 102 km w a s  reached at 171 sec af te r

l iunch .  The t - l t ct ron gun  beg in i ts  func t ion  mode at approx imate l y 138 sec at
(7 km a l t i t ude  • n d  cont inued  t i  Op ei’at e un t i l  it h~ d d e sr e r o l t i to  74 km al t i tude at

approxima ely 249  secon ds .

33  Inst r~inic ,,Ial I o u  PerIorman,-e

The hig h r e s o lu t i o n  p h o t og r ap h ic  in st  r u n nt . t ion 1 - r f o i r n e d  well  t hr oug hout

the e x p i - r i n i e n t .  \ i i  m a l f u n c t i o n s  \~ crc e v i d e n t ,  l ocus changes  due  t i imbient

t em p er a t  : r- - c h an g e s  w i re i - s s i n t i a l l v  c o r n  - i - t i - I  f o r - , l t t i o i r g h  i~ i th not . ,b le  d i f f i cu lt ~- .

(The photographic  quarL’~ i t  I c h ” o n o m t r , i l s i f t - ct e i h~ coI l t e n pi r ; t u r c , W a s

2 s - c  slow in 2 (l V S  l iv  t ’ . e n t  ton - . )  l h .  l i m e  l i p s - c n n - r i  sy st e m  w o r k ed

~‘. ell w i t h in  occasional dou l l , t i lm  1~ i m e  t n  i sp  rt , p r o b ab ly  due to a slig h t l y

longer th in  op t im u m  t n i gge r pulse .

I se of low lig ht le ve l  TV s~ stem to in fo rm the  c a m e r a  cont rol operator when
the electron gun was off ( in  order  to advan ce th e f i lm sh ut ter less cameras  w ithout

dragging the image) worked ex t r e m e l y  w e l l  . A n  addi t iona l  TV moni tor  located

outside the control trailer wa s  found t i  he of s ignif icant  value in informing the
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secondary mount operator and others as to the general track centering. etc.
Attempts to record the video signal , however , were generally negated by t he lack
of frequency stable power at the Hotel site, which was powered by a portable
gasoline generator.

The secondary (priority) ballistic camera attempt was conceptually a definite
success, although the shutter(s) could have been opened earlier to have captured a
longer ballistic track than was obtained.

The performance of the cine-sextant tracking mount was found to be generally
unsmooth when operated at elevation ang les above abo ut 60° . As a consequence .
the typical 4-sec exposures were often too long (as evidenced by star tracks) to
produce a stead y track segment . Since this condition exists in apparentl y all mount s
of this manufacture , the site should have, in retrospect, been fur ther east so that
a 60° eleva tion angle would not have been exceeded in performing the missile track.

3.4 Iliotographie Data

All  of the dat a  records from the Hotel optics site obtained photographic images
of the event with the exception of the video sy s t em recorder. However, inas much
is  the rocket p ay loa d  di i i  not exceed 102 km in a l t i t u d e , the visible electron induced

b eam image  due to the  prompt \~ emiss ions  ~s w e l l  a s th e longer l ived O(
emissions  ‘.c : 5  l im i t ed  to the or - I c r  of a k i l ome t e r  or  less in length .i ~~~ i was  to a
1 r gr  d e g re e integ rated into i sing le i m a g e  w i t h i  t he  exposure t i m e s  used in anticipa-
tion of a 120 -km apogee t r a jec to ry . E x a m i nat i o n  of the  images contained in the
p r t m a t - ’~ data record tend to show the fo l lowing:  a small  n e a r l y  c i r c u l a r  image with
a growing ta i l  as the  rocket a scends  in a l t i t u d e .  Dur ing  thi s period , t u e  mount
t racked nt - l t i v e l v  s moot h ly , is ev idenced  by  t i r e  st a r -  t r a c k  images.  At h igher  a l t i —
tu des  the source image  st ~~ne s what  appe ars  to he t w o  pa r t i a l ly  over lapping  images.
At th i , -se mount e L’.  t ions , howe v e r , some i f  the s t a r  t r i c k s  i n d i c a t e  s ign i f i cant
hun t in g  in the mount motion and some of these images  will probably not he v a l i d .

Over  35 f r a m e s  of i t i  wi  r e  obtained by the  p r i m a r y  camera  svs t i n i .  l ab le
3-2  corre lates  the record f r a m e  number  with exposure (end)  t i m e  .in i veh ic le
a l t i tude  from launch th rough  r e e n t ry ,  fable  3-3 corre la tes  the elec t ron  gun du ty
cy cle  with t ime ftc- n launch for comparison  wi th  Table 3 - 2 .
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Table 3-2 . TIC Photographic Record 40401

(P re l imina ry )

F r a m e  Time Exposure Time A f t e r  Vehic le
No . UT Length  Launch  Al t i tude

-- 05 49 59 . 1 hm s  -- sec 0 sec 1 . 2 km ( L a u n c h )
51 39 -— 100 78

2 52 13 113 86
3 54 2 115 87

F 4 52 00 6 121 . 0
5 06 6 127 ‘3
6 02 52 10 hms 4 sec 131 “ 4 5  km
7 20 10 141 98
8 27 7 148 100
9 32 5 101

10 39 7 160 102

11 05 52 45 hn r s  6 sec 166 sec 102 k r :
12 50 5 171  102 (A pogee)
13 57 7 178 102
14 53 02 5 183 102
15 09 7 1°0 101
16 05 53 15 hms  6 sec 1°6 s e -  ~~~~ 5 km
17 20 5 201 98
18
19 32
20 38 6 2 1  2
21 05 53 44 hms 6 sec 225 sec 89 km
22 50 6 231  86
23 55 5 236 83
24 54 00 5 2 4 1  79
25 07 7 248 75

26 05 54 13 h ms 6 sec 254 sec 70 km
27 20 7 261 64
28 24 4 265 61
29 2° 5 270 56
30 34 5 275 52 (begin t u m b l i n g )
31 05 54 40 hrn s 6 sec 281 sec 46 km
32 45 5 286 40
33 50 5 2 9 1 35 (6 images)
34 56 6 297 29,5
35 55 00 4 301 26
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Table 3-3. Electron Gun l)uty Schedule
(l’rel iminary )

N o . Beam On Beam Off Pulse Duration

1 138 .3 sec 142.3 sec 4 .0  see
2 144 145 1
3 146 148. 3 2 . 3
4 149 .9 150. 6 0. 7
F1 151, 7 152.8 1, 1

6 153 , 8 sec 154 . 1 sec 0 . 3 sec
7 155 .8  160 4 . 2
8 161,7 165.8 4,1
0 167 , 6 171. 8 4 , 3

10 173 , 6 177 . 8 4 . 2

I I  1 7 1 , 3 sec 183. 7 s e -  4 . 4 sec
12 195 .3  189 . 7 4 . 4
13 191 . 3 195 .6  4 . 1
14 197 . 2 201. -I 4 . 2
15 203 , 3 207 . 5 4 . 2

l~ 20 . 1 sec 2 1 3 . 2  sec 4 . 1 sec
17 2 14 . 9 217. 6 2 , 5
18 218 , 2 1 1 . 2 0 . 5
11) 220 . 8 2 2 5 . 1 4 . 3
20 266 , 7 2 1 0 .  4 . 2

2 1 2 3 2 , 7 ~~ec 237 sec 4 , 3 sec
22 24 1 . 6 2- 12.  8 1. 2
23 24- 1 . 3 24 9 . 8 4 , 4

a, - l i cL l d t f r _ mi s - 1  t b  i~- c l  i i  t i  u r  n - i f -m i s s i o n s  i l — c- p r e s c r i t c - - l in
I - ig ure 1 — 2 , 3 — 9 , i r i l - : —  i i  i la -s - . 12 , nd 20 i i s p e c t i v e 1 \  . These photo-
g rap hs . rc  a 17. n 9 u t i i - t i i i  of tb .  i i r - i g i i i . i I  i -  r i - i - i c - h , . i n i  s hr iw the electron
i m i s s l o ns in ascent  t 4~~ ~~-c it  100 km I t i t i i ( f r a u - ( I . t 1 7 1  sec it apogee

t 102 km It r t u - t  b r - : : : t  1 2 ( , and  i t  2 10  ~ i -c ~ 
(9  km - i h i l e  di s c c i r h i n g  ( f r - a m .  20).

I- i g u r i -  3 — 5  shows the  m u l t i p l e  i sib!.  h I  m a t  r m g i s resu l t ing  f rom the tumbl ing
of t h e  reentering p - : i t  20 1 sec it 35 k i n  l t r t n - h .

F i g u r e  3 — 6  shows a p r - t i n i f  t h e  l ’lfl : E l ) E  II  l . I 1 i ~~t j i -  t r - . i j . c t o rv  i m age  - is

s i - i - ri  r o l l  t O -  lo t - I  si~~- p e r sp i - c t i \ - e. The two i s u t i .  i r t r i i n ~ i f  the  p i v l o i d
t r  I - i - t i - - ;  C o r r . - sp  1 t i  - l i d  t o n  gun - y c 1 ,~~ 20 n I  21 I s  i l . i i t i f i c  in  l t d . - 3 — 3
h a s ,  I upon p r e l im in ~i r t i m i n g  ti r r r r i n a t m r s.

A l l  r i ’ i o to ~~r : i a l 1 c  - i - o r i s  except u. h a l  r s t  I - - 1:it i w e r e  ar -n - c - s s e h  w i t h  cal ibrated
sor t s  it oa pt  r i -  - -n i t r o b  so • it , i hs  ‘ l u t e  ip i age  i t - i a  :t :ess l e t e r r t : i n a t i o n s  could be
n - -i - he  in l a t e r  : o r a i l v ~~i — , The  Kodak 2-F-i-! pan photographic  data  f i l m s  were  processed
‘ r i m - III l v  in I ) — l ~ l e v i -  loper t o  o h i ov e  a n r . r r i n a l  ga m ma  of 1 on the h e r r s l t v  log
exposure r u nt of f i lm s e n s i t i v i ty .
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l- i gr u r . -  1 — 2 . I ma g e  l l i c i i f i ’i l I ! ;  sec .-\ f t  i l . _ r i i r t e l r . l’ _ i v l i i u d  i t  100 k r i r
I ) r u r r r r ~ \ —r -ent
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I I g - u r . -  3 — 1 . m g i -  t b - i -c r -  l i i i  1 7 1  see i l l - i -  i _ u r n - i t , l ’ : i v l o _ u l i t  102  k m
i pi i g i - . - 1
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I- I g u r e 1 — 4 .  I mag e  l l i -cor I e u h  2 19  sm .- \ f t , - r- 1 .au ncl i  l ’ay lua h i t  12 k m
on I ) i s c , - n i t
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I - [g u I - c 3 — 7 . . l m g i -  U i - c r l f - f  2 9 1  sec \ f t , - r  I i l u l u d l u , U i ’ .  I I I  at  .17. km
ri l i e . - ,  - r r t ,  \ l l t i p l - u n  g - ~~ i t  t he  ri c - l - r ’ , t r  h I ur  at ~ r - i i r Ic h by

t I n - ( a n t i - r i  \ V 1 ) i d i l  n l e pe r  i n t o t n -  I l v  t r - - d k i - - I  the . m - - 1 . - m i t i r it
th is  point in t I n -
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Figure 3-6 . I ’R E ( ’E D E  11 Image  Recorded by a Fixed Camera
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4. CONCLUSIONS AND RECOMMENDATIONS

4.1 In~trumentalion

Based upon PRECEDE II data results , it is clear that while certain instrumenta-
tion should be optimized for maximum lens -film sensitivity, other instrumentation
should strive to minimize exposure time to negate any effect of irregular tracking

mount motion when encountered, Moreover , a fil t ering of t he prompt N emissions
wi th respect to the longer lived O( 1S) emissions would be appropriate to consider
for longer exposures . In general the selection of instrumentation systems used
was appropriate for the objectives intended in PR ECEDE II .

The ballistic mode cameras , havi ng pr oven successful , should be expanded by
using a complement of wider ang le cameras (to 50°) and more sensitive lens
came ras (f /0 . 75 at 150 mm)  wit h, in at least one inst ance , a t ransmiss io n gr at ing
to disperse the image spectrally in a direction perpendicular to the pay load motion
(at apogee) .

In addition to the above , it would be especially u sef ul to assure t hat sufficie nt ly
stable line power was available to permit video recording of the event for immedi ate
review and to aid data processing decisions ,

4.2 Mount s

The advantages in using a tracking mount are abundantly clear. This kind of
mount should be used for appropriat e instrumentation, whe n available. Other
approaches to the tracking problem might include using an az/el  mount positioned
in the rocket trajectory plan so that only elevation would change , or using a three
axis mount such that the azimuth motion could be aligned with the apparent pay load
motion for limited segments of acquisition time. In addition , however , a minimum
complement of non-tracking (but trainable) camera systems should be incorpo i’ated
in the optical plan for contingency utilization.

-13 Site Location

As a consequence of experiences in PRECEDE II , it would be recommended
that , relative to potential inherent tracking mount instabilities at high el evat ion
ang les and , in general , to optimize tracking perspective, a side viewing site be
positioned further from the trajectory plane at a distance of 0. 5 to 1.0 apogee
which , for the former consideration , would obtain 60° - 450 maximum elevation
angles .
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4. SE 70 Site Ground Based Spectrographic Measurements
D.F. Han~ n, MY. Shuler , and LB. Woo laver

HSS Inc.
Bedford , Maa~ach usetn 01730

1. INTRODUC II ON

This chapter provides quick-look information derived from image-intensified
spect rographic measurements performed by HSS Inc. on PRECEDE II Event at
White Sands Fdissile Range ( W S M R )  on the night of 12 December 1977.

An Aerobee 170 vehicle system (with nozzle extension) was used to loft a
685-lb payload which included a 3-k\- , 7-A electron accelerator to an intended
altitude of 115 kilometers. The vehicle was launched from IVSMR Launch Com-
plex 36 on an azimuth angle of 3570 , The projec ted flight profile for the mission
is given in Table 4 v l .

HSS Inc. personnel deployed two ground-based image-intensified spectrographs
at Southeast 70 site located 66 miles north of the launch site. The instrument s
were mounted on a WSM R mobile tracking mount which was remotely aimed by the

WSMR PAS tracking system. The direction of the apogee point fro m Southeast 70
site was slightly west of due south.

Co-located on the tracking mount with the HSS Inc. instruments was an AFGL

two-channel telephotometer. Also on the mount was a long focal length telescopic
camera operated by WSMR personnel.
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Table 4-1,  PRECEDE 11 Projected Fligh t Profile

Time
After

Launch Altitude
(sec) (km) Event

49, 5 34 Sustainer Burno ut
54 40 Commence Closure of Engine Valves
74 62 Despin Vehicle and Payload
83 70 Eject Clamshell Nose Tip

106 89 Commence Electron Inject ion
180 115 Apogee
267 80 Separat e Payload From Vehicle
340 - - - Vehicle Impact
500 4. 6 Deploy Recovery System
650 - - - Payload Impact

2. INSTRUMENTATION

2.1 Su per.Cypiua Spectrograph

The instrument named Super-Cygnus was developed for the EXCEDE program
under the sponsorship of the DNA in the 3 years between the PRECEDE I and II
Events. On PRECEDE 1 Event ( 17 October 1974) HSS Inc. had deployed an image-
intensified spectrograph called Cygnus which also had been developed under the
sponsorship of DNA with AFGL as the technical monitor.

The Cygnus instrument was a low-dispersion, low-resolution spectrograph
(200 A/mm dispersion. 8 A resolution) covering the wavelength region from 4200 A
to 8000 A , On PRECEDE I Event, the objectives of this instrument were: ( 1) to aid
in diagnosing the payload accelerator performance, (2) to back-up the payload
photometers in case of any malfunction, and (3) to evaluat e the potential for ground-
based spectral diagnostic measurements.

The data taken by the Cygnus instrument on PRECEDE I not only prod uced
result s of some significance but did indeed provide back-up to the pay load photom-
eters which operated in the visible spectral region; the cover-removal for the
photometer system having failed , ai~ photometers were rendered inoperative.

The Cygnus spectrograph, and indeed other ground based instruments, docu-
mented a quite unexpected phenomenon on PRECEDE I which could not have been
det ected from the payload instruments. An unpredicted plume of light trailed out
behind the second-stage booster rocket . The second-stage booster had been deliber-
ately left attached to the payload to improve vehicle neutralization characteristics.
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The plume of light is now believed to be due to chemiluminescent radiation produced
by the aluminum in the residual rocket fuel reacting with atomic oxygen at high
altitudes to produce AlO.

The overall result s achieved by the Cygnus instrumentation on PRECEDE I
led DNA and AFGL to develop a second ground-based image-intensified spectrograph
with greatly improved characteristics. Thi s instrument was called Super Cygnus.
Spectral resolution was improved by a factor of 10 and sensitivity by a factor of 20
while maintaining approximately the same wavelength coverage. A brief summary
of its more important features is given in Table 4-2. A detailed diagram of the
instrument is shown in Figure 4-4 , The instrument development is described in
Refere nce 1.

Table 4-2. Summary of Instrumentation Characteristics—
Supe r-Cygnus Spectrograph

Parameter Final Characteristics

Wavelengt h Coverage 4200 A - 7500 A
Linear Dispersion 14 ~./mm - 25 A/mm
Wavelength Resolution 1 A
Relative Aperture f / I .  5
Field of View (variable) 0. 5 - 2 . 0°
Image Intensifier 3 stage electrostatic
Radiant Power Gain 75 , 000
Cathode Response S-20 VR
Phosphor Screen P - l i
Film Size 70 mm X 125 ft
Exposure Times (Optional) 1, 2 , 5, 10, 20 sec

Super Cygnus .-mploys an echelle diffraction grating to obtain the high disper-
sion necessary to higher resolution. It does this at the expense of working at high
diffrac tion orders (diffraction orders from 30 to 52) all of which would normally
overlap in the image p lane. A plane grating with its rulings crossed at right angles
to those of the echelle is used to separate and displace the 22 diffraction orders.

Significant improvements were made in sensitivity by using a larger diameter
objective lens and by developing a film transport mechanism which brings the film

direct ly in contact with the output fiber optic face-plate of the three-stage image
in tens i f i er  tube . The Cygnus instrument used relay-optic lenses to image the output
fiber  optic faceplate onto the film plane of a camera.
1. Tut t l e , A. U. ( 19 7 7 )  I)evelo~ ment of a h igh-Resolution Image Intensified

Spectrograph; DNA 4408 1’.

49

_ _  ~~~~~---- - --~~-—- --



~

The Super Cygnus spectrograph as employed on PRECEDE II operated in the
objective (that is, slitless) mode (as was the Cygnus instrument on PRECEDE I).
In the slitless mode the source itself becomes the slit of the instrument . The
reason for operating spectrographs in this mode is to obviate the almost impossible
feat of tracking a fast moving point-like target such that its image would fall on the
slit of a spectrograph.

2.2 Ultrauolet Cygnue Spectrograph

The N 2(A 3E) state of excited molecular nitrogen is thought to be a potential
contributor to the upper atmosphe re chemistry which produces IR effects. A good
handle on the abundance of molecules in the N 2(A 3

~ ) state , thei r alt it ude dependence
and quenching rates could be obtained from quantitative spectra of the N 2 Ve gard-
Kaplan band system.

The Vegard-Kap lan band system represent s forbidden transitions from the
m etastable N 2(A 3E) state and the ground state of the nitrogen molecule. Since all
the strong bands of the Vegard-Kaplan system lie in the ultraviolet any attempt to
measurement would require ultraviolet sensitive instruments.

The potential importance of information on the N 2(A 3
~ ) state to the EXCEDE

Program is such that AFGL concluded an attempt should be made to perform
measurements of the Vegar d-Kaplan bands with ground based instrumentation on
the PRECEDE U event .

Electron-beam dosed air emits a strong second positive nitrogen spectrum
N 2(2P) th roughout the same ultraviolet spectral region occupied by the Vegard-
Kaplan band system. To distinguish individual bands of the two band systems re-
quires that a spectrograph be used rather than filtered photometers.

AFGL and HSS concluded that a low-budget ultraviolet image-intensified spec-
trograph could be developed for PRECEDE U by marrying several optical component s
on hand at AFGL with the image-intensifier/camera section of the Cygnus instru-
meat. The components available from AFGL were :

(a) Nye Ultraviolet Telephoto Lens 150 mm f/ .  1, f f 1 .  5,
(b) B&L Reflectance Grat ing 300 grf  mm , blaze wa velength 5000 A,
(c) Bendix Ultraviolet Proximity Foc used Wafer Diode Image Intensifier.

The new instrument concept was as follows. The front end of the Cygnus
spectrograph would be removed leaving only the three-stage image-intensifier tube,
the relay optics, and the camera recording section. The ultraviolet diode intensifier
would then be butted to the three-stage intensifier thus convert ing the latter tube
into an ultraviolet sensitive four-stage intensifier. (Note the diode intensifier had
very little gain , about a factor of 4 . in comparison to the three-stage intensifier
which has a radiant power gain of 40 , 000. ) Ahead of the diode image-intensifier
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would be placed the Nye lens , then the diffraction grating and a mirror flat to fold
the optical system into a convenient configuration.

After the development program got underway, several problems arose with the
planned approach. First, the diode image-intensifier proved to be defective and
could not be made to operate. Secondly, calcu lat ions showed tha t a gr ating , blazed
fo r 5000 A when operated in the spectral region from 3000 A to 4000 A , would be ve ry
inefficient . Thirdly, a 300 g r/ m m  grating would give inadequate separation of the
Vegard-Kaplan and Second Positive band systems.

Time and bud get did not permit replacement of the diode image-intensifier.
Both grating problems were solved by purchasing a 600 g r/ m m  diffraction grating
f rom JACO which was blazed for 4000 A ,

An expedient, although unsatisfactory solution to the ultraviolet conversion
problem was found by coating the front end of the three-stage image-intensifier with
sodium salicylate. Normally sodium salicy late is used in the far ultraviolet to
convert those radiations to visible radiations. In the spectral region from 3000 A
to 4000 A where it was needed for the P R E C E D E  II instrument,  a heavy coating
thickness is required to absorb the ultraviolet.  The heavy coating then acts as a
diffuser which significantly degrades the image resolution.

A s u m m a r y  of the ins t rumen t  character is t ics  of the Ultraviolet Cygnus Spectro-
grap h is given in Table 4 - 3 ; more  details are  provided in Table 4-7 .

‘ruble 4 -3 . S u m m a r y  of Ins t rument  Charac ter i s t ics—
Cygnus Spectrograph

Parameter  Final Characteristics

Wave lengt h Coverage 2900 A - 6000 A
Linear Dispersion 142 A /mm
Wavelengt h Resolut ion 6 A
R elat ive Aperture f f 1 . 5
Field of Vi ew (variable) 2. 0°
Image Intensifier 3-stage electrostatic
Radiant Power Gain 40. 000
UV Sens it ize r Sodiu m Salicy late
Cathode Response S-20 VR
Phosphor Screen P -l l
Film Size 35 mm >( 100 ft
Exposure Times (Optional ) 1, 2 , 5. 10 , 20 sec
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3. MEASUREMENT RESULTS

3.1 Operat ion of Instiwnents

The two spectrographs were operated from the same instrument control unit.
A predetermined exposure plan had been formulated based on the predicted flight
profile of the rocket and pay load. The operation sequence is given in Table 4-4 .

Table 4-4. Exposure and Timing Sequence of the Super
Cygnus and Ul t rav io le t  Cygnus Spectrographs

Time Into
Flight (sec) Timing item

0 Vehicle Launch
60 Open Sh utters—Start  Film Transports

1- rame Rate . 1 pe r 5 sec
106 Commence  Electron Injection
110 Change Frame Hate to 1 per 10 sec

160 ~)ne 20-sec exposure

180 One 5-sec exposure
185 One 20-sec exposure
205 Change Frame Hate to 1 per 5 sec
700 Stop Fil m Transport s

Both instruments operated in the normal fashion. The films were unloaded
from the instruments and returned pro mptly to Bedford , Massachusetts for pro-
C es sing.

3.2 Super Cypma Re,ult.

Time has not permitted more than a superficial examination of the spectral
records. However, the brief examination given the Super Cygnus record does show
a remarkable data cont ent . Figure 4- 1 is an illustration of the spectra obtained
during the 20-sec time period surrounding apogee of the payload.

An apogee altitude of 115 km at 180 sec into the flight was predicted. Actual
apogee was 102. 34 km at 172 seconds. During the 20-sec exposure shown in
FIgure 4- 1, the electron accelerator altitude varied by only 500 meters.
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Figure 4— 1. High Resolution Echellogr.im of the PR I-A - El )E II E v ent  I . .  i ‘ci
the Super Cyg nus Spectro grap h at t h e  l’ime of I ’a ’~ l o c i  -\ po~~~c

_ _ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _



_____________________________________________ ____

Spectral orders from 30 to 49 are indicated in the photograph. The actual data
reco rd shows atmospheric emissions (fo r example , N ( l N ) , A4278 1) in the 52nd
orde r. Instrument sens i t iv i ty  is degraded toward the ed ges of t he field and spe ct ral
orders such as 30 and 3 1 at the long wavelengths and 49 through 52 at the short
w a v e len g t h s  did not record as strongl y as was hoped. Loss of sensitivity at the
edges of the  f ield is due prima ri l y to the inhe rent characteristics of electrostatic
image inte nsifiers . Some loss can also be attributed to vignett ing effects in the
crossed dispersion system of the ins trum ent .

A detailed l i st i ng  f a l l  the individual  atmospheric emission fe atures thus far
obse rved in the record a i l l  not be presented here. ~da ny  of them are indicated in
1- i g u i - e 4 -2 .  The i n - l i v i i w . l  t~~. tu r & s belo ng to the following species: N (  lN),

\ l e t ne l ) , ( 11’) . ~~~, ( 1  \ ) . Nil an t i  01. 
-

N ,~ (2 P) N ( I N )  [0!]

~~~~~~~~~ L

I 
_ _

I 4~~~~~~~~~~~~~i~’~~ ~~~~~~~
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[
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t 1~~9 337 1 35Y’ 
) j, 39 14 4 2 7 8  4709 5228 5577

37~~ ~~805

I i g u r t ’ 4 -2 .  Spectrogram of I ’R E CEI )L -  II l vcnt  Taken W i t h  an Ultraviolet Image
In t en s i f i e r l  Spec t rograp h

Mast of the spectral features are repeated in several diffraction orders.

01 ~ Ft~~77 is an extreme case; it is seen in f i v e  orders (38 th rough  4 1) . The princi-
a l e  r - ler  fo r 01 -~ ~~ 77 is the  40th ‘r i ~~i as one r~~av i c t c r n ; i n e  from the  v i sua l
s t rengt h of the  l i n e  in  the photograph.
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The remarkable sens itivity of the Super Cygnus instrument is clearly demon-
st rated by the 0! A5577 feature. That partIcular 0! emission is the only metastable
feature which has been observed thus far in the spectrum recorded by Super Cygnus.
A ll other emissions are f airly prompt emissions. Because the instrum ents are
tracking the pay load , any prompt emissions appear only as long as the electron
deposit ion exist s when viewed f rom a given aspect ang le (from Southeast 70 Site the
electron deposition column was viewed nearl y end-on) . On the other hand a long
duration phenomenon (0! X5577 has a natural , unq uenched , decay time of 0. 7 sec)
appears as a trail extending behind the tracked payload . The extent of the trail is
of course dependent on the decay time of the metastable feature , the quenching rat e
and the sensitivity of the recording instrument.

The length of the 01 X5577 afterglow as measured on the dat a record equated to
1. 2 km at the apogee point. This lengt h is somewhat foreshorted by geometric
fac tors which when applied will produce an even longer trail length.

T he pay load veloci ty at apogee was approximately 300 m per second. We can
th us equate t he 1,2  km wi th about 4 sec of afterg low. This would imp ly 5. 7e-foldings
at the natural  l i fet ime of 0. 7 seconds. Realist icall y, quenching of the 01 X5577
radia tion must be taken into account . In fact , the quenching rate can be recovered
when quantita tive data reduction techni ques are applied to the records .

A s u m m a ry  of the quick-look visual observations of the data content of the
recordsis given inTable4 -5 .  The table is more or less self-explanatory.  Suffice it
to cal l  at tention to two unexpected phenomena.

The first  of the  unexpected phenomena which were observed is the weak con-
t inuum spectra beginning at about 105 sec into the f l ig ht . The electron accelerator
at tempted to tu rn  on at 106 sec and our f i r s t  thoughts were to connect the continuum
emissions with  the accelerator . Several arguments wei gh against such a correla-
tio n: ( 1 )  the accelerator tu rn-on  attempts at this low altitude (80 km) were ex-
t remely brief and sporadic , (2) No 01 X 5577 fea ture is observed s imilar  to that
at comparable altitudes on the dow n leg of the fli g ht , and (3) no discrete atmos-
phe ric emission features are observed in the spectrum .

H. 0 N eil poin ts out that he observes a faint  afterg low trai l ing behind the rocket !
pay load in this al titude regime on image-orthicon records taken from the GEODSS
si te by MIT Lincoln l aboratory personnel . He tenta tively ascribes th is afterg low
to smal l  amounts of residual fuel escaping from the rocket and reacting with the
at omic oxygen at these  al t i tudes . The Super Cy gnus spectrum would tend to con-
fi rm tha t  the phenomenon is chemi lumin es cen t  in nature and in all probabili ty has
its origin in the manner  desrribe i by 0 Neil .
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The second unexpected phenomenon is the persistence of the 0! A5577 radiations
to an altitude of near 60 km on the downward leg of the flight . The implication here
is that the 0! ( 1S) upper level stat e of X5577 radiation is created by electron recombi-

- nation with the O~ whic h is created by t he elect ron beam , rather than by other pro-
cesses which can take place at higher altitudes ,

3.3 L ltraviolet Cygn ua Resul h

Beca use of the low apogee (102 .34 km rather than 115 km) the Vegard-Kaplan
bands were  heavily q uenched. A preliminary survey of the UV Cygnus spectrum
obtained at the t ime of apogee shows no visual indication of those bands (see Fig-
u r e 4 -2 ) .  The spectrumisdoz -r ij nated by N2 (2 P) and N ( 1N) band emission features .
The spectrum also includes the Of A5577 line emission.

A f inal  determination of the presence or absence of the Vegard-Kap lan ba nd
system must await microdensitometer anal ysis of the record . Unfortunately, the
image qu ali ty of t he Cygnus record suffers  severel y from the use of an ultraviolet
sensitizer as previously exp l ained (and from flare which seems to be of a trait of
the Nye ultraviolet telephoto lenses),

A quick-look summary of visual observations of the dat a content of the film
record is give n in Table 4-6 .

3,4 WS MR Photographic Results

A small  but extensive coverage of the PRECEDE II event had been worked out
by H. O Neil and WSMR personnel , HSS Inc. will not attempt to review the planned
cove rage here. We shall treat onl y very br ief l y the results of that effort.

Cont rary to th e usuall y very high su ccess rat e WSMR achieves wi t h their
cameras and t racki ng mounts , the WSMR phot o effort on PRECEDE II suffered from
extensive cam era failures , film transport defects , and tracking mount problems ,
Only one good record was obtained by WSMR , f rom a cam era locat ed on t he t racking
mount at Southeast 70 site. This was the sam e tracking mount on which the AFGL
telephotometers and HSS Inc . spectrographs were mounted ,

The 35 To m cine camera was equipped with a very long focal lengt h lens (104 in, )
with moderate aperture ( f f 8 ) .  The camera was operated at its lowest framing rat e
(6 fra mes per see) and had an exposure time of 1120 sec at that framing rat e. East-
man Kodak 2484 high speed recording film was employed i n the camera.

A record was obtained over a fairl y ex tensive portion of the time that the elec-
tron accelerator was active. An example of the data obtained is shown in a sequence
of f rames taken near the t ime of payload apogee .

The accelerator was programmed to have an on -time of 4 sec with 2-sec
intervals between pulses , The seq uence of pictures shown in Figure4-3  show every
other frame of the record during the on-t ime of the accelerator.
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[“i gure 4-3. Telescop ic Cine-Photographs of the PRECEDE II Event
Near Pay load Apogee
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The electron beam deposition is seen very faintly in the photographs . The
deposition column can be recognized by its behavior. The payload carrying the
accelerator had a rotation rat e of once per 6 seconds. During half the rotation
period, the electron beam was injected up the earth 1s geomagnetic field. During
the other half , it was aimed down the magnetic field lines. In the sequence of
pictures the beam can be seen reversing its direction once during the on-pulse .

An unexplained phenomena is present in the photographs, Not e first that the
spatial resolution of the camera system is about 2 m (the first frame of the sequence
has two vertical lines drawn in to show the equivalent of 10 m at the pay load). A
bright object , equivalent in approximate size to the resolution limit , is apparent
in the photographs. Slight stepping motions of the tracking mount make the object
appear to have length in some of the frames. Real length should not be ascribed
to the object at these times,

Two tent ative explanations for the phenomena have been put forth thus far:
( 1) a portion of the electron beam returns to the vehicle and causes a fluorescence
of the skin , and (2) the object is in reality the first few meters of electron beam
deposition where the electron density (and therefore atmospheric excitation) is
much greater than when the beam expands to its full diameter of approximately
20 meters.

If the latter situation is the case, one must ponder the possible avenues this
opens up for conceivably remarkable improvements in groun d -based spectroscopic
measurements using large aperture long-focal -length image-intensified instruments,

4. CONCLUSIONS AND RECOMMENDATI ONS

4.1 Concluaiona

PRECEDE II Event was the first opportunity to exercise the Super Cygnus
spectrogr aph on t he EXCEDE program , The instrument performed well in most
respects, Its sensitivity in the central portion of its recording fi eld appears to live
up to predictions. The fall-off In sensitivity toward the edges of the field causes
Some concern .

The Instrument was adjusted such that diffraction order 38 fell in the center of
the field. Under these circumstances the N (Meinel) bands in the 30th and 31st
orders , and the N ( iN )  band at 427 8 A in the 52nd order appeared at the edges of
the field. Both features are important to a knowledge of the excitation and de-
excitation processes of the upper atmosphere (as well as all the features in the
Intervening spectral region) .
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The 4278 A N~ ( i N )  band was recorded only weakly. Other bands in the 0, v5 ’)
progression, (fo r example, at 4709 A and 5288 1) which recorded more strongly,
will serve to replace the 4278 A band in the analysis of the spectra. Only one band
the (3. 0) transition of the N (Melnel ) system was recorded with adequate density to
permit radlorn etric analysis.

The N 2(IP)  and 0 (1N ) band systems recorded remarkably well. There should
be no problems performing a radlometric analysis of their features. The 01 5577 A
auroral transition was so strong it should present a wealth of altitude dependent
information.

Depending upon DNA/AFGL priorities and interests, many other features re-
corded by the Super-Cygnus spectrograph can be subjected to radiometric analysis;
for exam ple , the continuum spectra at early times (which possibly represents a
chemiluminscent reaction of rocket fuel wit h atomic oxygen) ; the rot ational structure
of the N ( i N )  bands at 4709 A and 5228 A which may yield a temperature determina-
tion.

The Super Cygnus spectrograms have been only superfici all y analyzed to date .
Thorough anal ysis m ay well  yield other info rmation of val ue to t he EX CE DE pro-
gram. A comprehensive anal ysis will start with niicrodensitometer scans and in-
clude radiornet ric calibrat ions , sensitometry, and computer plotting leading to a
fi nal em pirical analysis of the dat a .

The results of the Ultraviolet Cygnus spectrograph are dissappointing. Diffusion
of the image in the ultraviolet sensitizer coating on the image-intensifer tube and
f lare li ght i n the Nye lens caused the instrument to hav e poor spectral resolution .

The low apogee of the pay load caused the \‘egard-Kaplan bands to be severel y
quenched : this combined with the poor resolution may prove to be the cause of a
possible fail ure tj  record that band system. A final determination on the recording
of the Vega rd-Kaplan bands by the Ultraviolet Cygnus instrument must await the
applica tion of image -enhancement te chniques in the data reduction process .

4.2 Recommendationi

Ground-based optical diagnostics on EXCEDE Events had their origin in the need
to provide certain types of information which would be virtually impossible to obtain
from the pay load itself and as a back-up to those pay -load instrument s which operate
In spectral regions which are accessible through the atmospheric windows from
ground stations.

The investment in equipment developm ent has been modest as the feasibility.
information content , and quality of data have been explored. Whenever possible
AFGL has utilized existing optical systems to augment the recording of the events
(for example , Cloudcroft , GEODDS Stations) .
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On Its part , HSS Inc. has concentrated on developing Image-intensified spec-
tral systems . Such systems offe r great potential , for In principle they are the
equivalent of a photomultiplier tube operating at each pixel of spatial resolution and
are limited only by the night sky background level in that pixel.

The spectrographs developed to date have not approached the lim it that can be
predicted for ground based Instruments. Super Cygnus demonstrated a marked
Improvement in sensitivity over the original Cygnus instrument. But it has lirnita-
tions inherent ly due to certain of the low-cost and on-hand optical components used
In its construction. Nor does It provide the full range of wavelength coverage acces-
sible through atmospheric windows with high-gain photo-emisaiv e sensors limited
in sensitivity only by photon noise of the sky background.

The limit of ground based instrumentation will be reached when objective focal
lengths are such that a pixel of spatial resolution is j ust exceeded by the dimensions
of the electron beam deposition and simultaneously when there is sufficient telescope
aperture and intensifier gain to just record the night sky background at exposure
times equivalent to the pulse duration of the electron accelerator.

In that direction, HSS Inc. recommends for consideration on future EXCEDE
events several possible Improvement s and changes in ground-based spectral in-
strumentation. These suggestions are as follows:

(a) Modification of Super Cygnus Spectrograph
I. Replace existing 300-m m , f f 3  objective lens with a 600-mm

to 1000 -mm f f 3  objective lens .
2. Replace Super Farron Camera lens with an equivalent lens

having better transmission at 4200 A ,
3. If feasible, within the confines of the present instrument

housing, replace the three-stage electrostatic image
intensifier tube with a three-stage magnetic intensifier
tub e to provide uniform ity of sensitivity across the field,
no geometric (pin cushion) distortion and added sensitivity.

4. Utilize 4XN film rather than 2484 fi lm for improved
sensitivity and resolution: 4XN film is not available in 70 mm
size except on special order.

(b) Develop Improved Ultraviolet Image-Intensified Spectrograph
1. UtIl ize a three-stage ultraviolet sensitive magn etically-

focused Image Intensifer tube (the equivalent electro-

statically focused tube Is not available because a fiber
opt ics face plate at the cathode end of the tube Is required
and no -one has yet developed an ultraviolet transmitting
fiber optic face plate).
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2. Utilize an ultraviolet optical system which will have an

effective focal length of 300 mm (to make the electron

beam deposition column of 20 m equivalent to a pixel

of information).

3, Utilize a film transport mechanism which places the fi lm
In contact with the fiber optic output of the Image -intensifier

tube to avoid the factor of five loss in light Inherent in the

best possible ((I 1.0) relay optics, as Is done in the Super
Cygnus instrument.

(c) Develop a Dedicated N( 2 D) Spectrometer
The population of (2D) state of NI In upper atmospheric chemistry seems to be

a dominate consideration. Yet a direct measurement of the radiations from the
( 2 D - transition which can lead to a measure of the population has not been
attempted. The difficulties are enormous: the transition produces two lines at

5200.7 1 and 5198.5 A)whlch reside within the rotational structural of the N~ 5228 A
band. Intensities of those rotational lines dwarf the N2 D radiations which are
extremely weak because of the 26-hr lifetime of that state.

There is little advantage to be gained by using a payload instrument and a sig-
nificant number of advantages to a ground based measurement of the ( 2 D - 

4S)

radiations, (A relative comparison of the methods is too lengthy a subject and is

avoided here.) With the iOO -kW accelerator powers now contemplated, we believe

the toots are near at hand for a realistic attempt at this difficult measurement. A
design analysis would indicate the opt imum approach , but the skeleton outlines are
obvious. Very high spectral dispersion wit h limited wavelength coverage are dic-
tated along with an extremely sensitive night-sky -background lim ited image-
Intensified recording system. Multi-channel recording is essential (that is , scan ning

of the spectrum should be avoided so that max imum exposure at each element of
wavelengt h resolution is achieved) . The Instrument should also take advantage of

the fact that the N(2D) radiations persist long after the payload has left a dosed

region of its trajectory.
Our final recommendation concerns the not-as-yet understood results of the

WSMR 104-in, telescopic camera. A real effort should be made to exp lai n t he

origin of the high brightness core in the recorded Image. If the explanation should
prove to have its origin in atmospheric emissions from the narrow region of the
electron beam, then ground-based instrum ents can take the ultimate approach to the

sensitivity of payload Instruments In those spectral regions accessible through the
atmosphere.
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Table 4-7. Characteristics of the Ultraviolet Image-Intensified
Cygnus Spectrograph

SPECTRA L FEATURES

Wavelength Coverage (nominal) 2900 A - 6000 A
Linear Dispersion (nominal) 142 A/mm
Grating Rulings 599 g / m m
Wavelength Resolution 6 A

OPTICAL FEATURES

Configuration Objective
Objective Lens NYE

(a) f / n  F / l . 5
(b) f. 1. 150 mm

Field-of-View + 0.50

Resolution (Image Tube)
(a) Center 12 lines/mm
(b) Edge 10 lines/mm

ELECTRONIC FEATURES

Image Intensifier VARO 8606 (ABC )
(a) Type (electrostatic) 3-Stage
(b ) Cathode Response S-2OV S
(c) UV Sensitizer 1 mg/cm 2 Sodiu m Salicy late
(d) Screen, Phosphor P - l i
(e) Radiant Power Gain 40 , 000
U) End Plages F lat; fiberoptic

RECORDING FEATURES

Camera Type Flight Research IVC ’
F ’j lm Size 35 mm \ 100 ft
Format Size 20. 4 mm X 18. 6 mm
Shutter Mode Open to Open
Shutter Sector Opening 130°
Shutter Program Options 10 . 5 , 2 , 1, 0.5 , 0. 2 , 0. 1, 0. 05 , fps
Fil m Type 4 X N
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5. Conclusions
R.R. 0’Ne~Radiation Eflects Branch

Optical Physics Division
Air Force Geophysics Labo ratory

Hanscom AFB , Maaachusetts 01731

1. CONCLUSIONS

A preliminary review of the result s of the PR ECEDE II launch from the White
Sands Missile Range on 13 December 1977 indicates:

(a) The prototype electron accelerator module planned for the EXCEDE Ii
experi ment successf ully endured a severe engineering test during the PRECEDE U
launch .

(b ) The rocketborne short wave infrared interferometer , using liquid nitrogen
cooled optics and detector, funct ioned wit h some loss in modulation efficiency due
to optical misalignment dur ing  the powered rocket boost period. The princi pal
problem area to be addressed prior to the EXCEDE II experiment is redesign of the
monochromatic reference source. The interferometer was successfully recovered
fro m the PREC EI ) E  Ii launch with little apparent damage to the optical or electronic
components,

I c )  The numerous  ground based optical systems readil y recorded the ultra-
violet and visible emissions induced in the night sky by the 20 kW electron source,
The prospect of higher power electron accelerators operating at altitudes up to
120 km . where  metastable species N 2 l) l . N 2(A 3E) , O( 1S). O( 1D) , . .  .~~ a r e less

(1

(
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severely collisionally deactivated, offers  the potential to determine atmospheric

production and loss mechanisms for a many excited species of aeronomic interest

for their precursor role in infrared atmospheric emissions. The ground based
measurement capability may be improv ed by the fabrication of new instrumentation
or by modif ying existing instrumentation to optimize their measurement capabilities
in support of an artificial auroral experiment.
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